The effects of metal combinations on cytotoxicity were examined following dynamic extraction by freely gyrating two spherical metals in a glass vessel. The cell viabilities of an Au alloy, a Ag-Pd-Au alloy and Ti were little affected by combinations among three metals. Cell viability ranged between 60 and 80% when precious alloys were in combination with Co-Cr or Ni-Cr alloys. Ti showed a clear difference in cell viability either in combination with Co-Cr or Ni-Cr alloys. The cell viability of the Ti/Co-Cr alloy combination was the same as that of precious alloys/Co-Cr or Ni-Cr alloy combinations. However, in an analogy with Co-Cr alloy Ni-Cr alloy combination, the Ti/Ni-Cr alloy combination depressed the cell viability below 20%. This suggested that when new metals are to be used in combination with dissimilar metals, the cytotoxicity of the metals could be evaluated in extraction conditions using the mutual dynamic contact of dissimilar metals.
INTRODUCTION
Cytotoxicity of biomaterials in vitro has been achieved with either direct or indirect contact between cells and biomaterials1). As the extraction method, static extraction has been dominant, although it appears to less reflect the clinical situations of dental treatment with metallic materials that are used in stress-bearing positions. However, we tried dynamic extraction for cytotoxicity evaluation, reported the differences in cytotoxicity between static and dynamic extractions2, 3) , and obtained a better understanding of the metallic biomaterials currently in use.
Syrjanen et al. 4 ) studied the effect of alloy combinations using cell culture to assess the biological significance of the galvanic effect and the toxicity of the alloy. In addition to the galvanic effect, dynamic contact between two metals removes protective surface layers and yields wear debris, which is followed by increased corrosion.
In the present study, we examined the effects of the same or dissimilar combinations of metals on cytotoxicity using a dynamic extraction where two spherical metals moved freely in a glass vessel. Statistical Analysis Values were expressed as the mean and standard deviation, and were statistically analyzed using a one-way ANOVA to compare the combinations, as the Levene test for homogeneity of variances showed that the variances were not different among the
groups. An LSD multi-range test with a significant level of 0.05 was used to determine which combination means were significantly different from each other. A paired t test was used for the comparison between extracts and filtrates of the same combination.
RESULTS
Figs. 1 and 2 represent the cell viability of extracts obtained under static conditions. All combinations were the same as that of the control. Cell viabilities of the dynamic extracts obtained from the same metal combinations are shown in Fig. 3 . Cell viabilities of the Ag-Pd-Au alloy/Ag-Pd-Au alloy and Ti/Ti combinations were the same as that of the control. However, the mean cell viability decreased to 75.5% for the Au alloy/Au alloy combination, followed by 35.9% for the Co-Cr alloy/Co-Cr alloy combination, and 9.2% for the Ni-Cr alloy/Ni-Cr alloy combination, respectively.
After filtration of the extracts as shown in Fig. 4 , the cell viability was the same for those extracts, except for the Au alloy/Au alloy combination.
In the case of the Au alloy/Au alloy combination, filtration caused a significant increase in cell viability (p<0.05).
Fig . 5 shows the cell viability of extracts obtained by dissimilar metal combinations. The Au alloy/Ti and Ag-Pd-Au alloy/Ti combinations showed a mean cell viability of greater than 90%. The mean cell viability of the Au alloy/Ag-Pd-Au alloy combination was 85.2% and was lower than that of the Au alloy/Ti and the Ag-Pd- Au alloy/Ti combinations, but no significant difference was found among the three combinations.
The mean cell viability of the Au alloy/Co-Cr alloy, Au alloy/Ni-Cr alloy, Ag-Pd-Au alloy/Co-Cr alloy, Ag-Pd-Au alloy/Ni-Cr alloy and Ti/Co-Cr alloy combinations varied between 61.4% for the Au alloy/Ni-Cr alloy combination and 73.6% for the Ti/Co-Cr alloy combination.
Extracts of the Ti/Ni-Cr alloy and Co-Cr alloy/Ni-Cr alloy combinations caused a significant reduction in cell viability and showed no significant difference in cell viability compared with that of the Ni-Cr alloy/Ni-Cr alloy combination.
In fact, the cell viabilities of the precious alloys/Ti combinations were significantly higher than those of the precious alloys/Ni-Cr or CoCr alloys combinations.
The Ti/Co-Cr alloy combination, compared with the Ti/Ni-Cr alloy or Co-Cr alloy/Ni-Cr alloy combinations, induced significantly higher cell viability. Filtration tended to increase the cell viability as shown in Fig. 6 . However, only the Au alloy/Ag-Pd-Au alloy combinations revealed a discrepancy in their effects on cell viability between extracts and filtrates (P<0.05).
DISCUSSION
The present findings demonstrated that cell viability under dynamic extraction was influenced by a variety of metal combinations, and that there were differences in cell viability between extracts and filtrates in one or more combinations, when extraction was done with two spherical metals in dynamic contact with each other. Furthermore, under dynamic contact conditions, the cell viability differed considerably compared with static contact conditions, which showed no difference in cell viability among the combinations. In the combinations with the same metals, the cell viability of the Au alloy/Au alloy combination decreased to 75.5%, while that of the Ag-Pd-Au alloy/Ag-Pd-Au alloy combination was 97.8%. It was reported that copper selectively dissolves from both alloys6,7). However, the present findings indicated that the difference in wear debris and copper dissolution may have contributed to the difference in the cell viability of both alloys.
Plenk8) reported that dental gold alloy debris significantly inhibited the growth of fibroblasts.
It is, therefore, necessary to explain the discrepancy in cytotoxic findings among non-precious metals. The Ti/Ti combination was not toxic, but cell viability was depressed with the Co-Cr alloy/Co-Cr alloy or Ni-Cr alloy/Ni-Cr alloy combinations.
Cell viability is related to the amount of dissolution from metals and the cytotoxic effect of dissolved metal ions. Titanium has a corrosion resistance superior to that of cobalt-chromium or nickel-chromium alloys9). Furthermore, the IC50 (the concentration needed to depress cellular activity by 50%) of Ti ions is higher than that of Co or Ni ions10). In addition, it was assumed that Ti dissolution and production of wear debris in the Ti/Ti combination were not sufficient to lead to a decrease in cell viability under the present experimental conditions. This may be because specimen preparations were made with the same surface areas among the combinations, which naturally led to a difference in specimen weights because of the different specific gravities of each metal. The corrosion resistance of cobalt-chromium and nickel-chromium alloys increases with their chromium content. The Co-Cr alloy used in this study contained over 30% chromium and had good corrosion resistance.
However, the present findings indicated that the Co-Cr alloy/Co-Cr alloy combination decreased cell viability, and that there was no difference in cell viability between extracts and filtrates.
It is conceivable that Co or Cr ions dissolved from the Co-Cr alloy affected cell viability. According to Brune et al.11), a cobalt dissolution from a nonpassivated cobalt-chromium alloy was higher than that from a prepassivated cobalt-chromium alloy. This suggests that dissolution increases if the protective surface layer of cobalt-chromium alloy is broken. The above process is always followed by the production of wear debris. The cell viability METAL COMBINATIONS ON CYTOTOXICITY of the Ni-Cr alloy/Ni-Cr alloy combination would thus be depressed by nickel dissolution. Espevik12) reported that significant amounts of nickel and chromium were observed when the chromium content of the alloy was below approximately 16%. The combinations of dissimilar alloys were divided into four groups according to cell viability. First, the Au or Ag-Pd-Au alloys/Ti combinations were nontoxic. Second, the Au alloy/Ag-Pd-Au alloy combinations showed a slight cytotoxic effect with the extracts, but no toxic effect with the filtrates.
Third, the Au or Ag-Pd-Au alloys/Co-Cr or Ni-Cr alloys and the Ti/Co-Cr alloy combinations showed a mild cytotoxic effect. Finally, the Ti/Ni-Cr and Co-Cr alloy/Ni-Cr alloy combinations showed a severe cytotoxic reaction. These findings appeared to show that the cell viability of the combinations among the Au alloy, Ag-Pd-Au alloy and that of Ti would likely be influenced by production of wear debris from Au alloys, rather than metal dissolution.
It is thought that the Au alloy did not wear in Au alloy/Ti combinations because Ti was lighter than Au or Ag-Pd-Au alloys. Actually, some golden deposits were observed on the filter of the Au alloy/Au or Ag-Pd-Au alloy combination, but were not observed on the filter of the Au alloy/Ti combination.
In contrast, the third group appeared to mainly depend on metal dissolution from the CoCr or Ni-Cr alloys.
However, it appears unlikely that metal dissolution was accelerated by dynamic contact of the Co-Cr or Ni-Cr alloys with the precious alloys. Gjerdet13) also reported that the gold alloy exhibited low corrosion currents in contact with the cobalt-chromium alloy. However, Ti showed a difference in cell viability according to whether the combinations were Co-Cr or Ni-Cr alloys.
Electrochemical tests indicated that titanium appeared to be compatible with cobaltchromium alloy14). Although, nickel-chromium alloy in combination with titanium had a clearly differentiated corrosion behavior depending on the composition of the alloys15). The Ni-Cr alloy used in the present study may be susceptible to galvanic corrosion in combination with titanium due to its low chromium content.
Consequently, the cell viability of the Ti/Ni-Cr alloy combination was lower than that of the Ti/Co-Cr alloy combination or the precious alloys/Ni-Cr alloy combination. A difference in cell viability between extracts and filtrates was observed in the Au alloy/Au alloy, Au alloy/Ag-Pd-Au alloy, Au alloy/Co-Cr alloy and Au alloy/NiCr alloy combinations.
Wear debris, rather than metal dissolution, may be responsible for the injurious cellular effects in the Au alloy/Au or Ag-Pd-Au alloy combinations, as the cell viability recovered after filtration.
Even if metallic biomaterials are not toxic due to excellent corrosion resistance, cytotoxic effects can occur when wear debris is produced by the action of mechanical forces.
Consequently, such effects should be emphasized in cytotoxicity tests on metallic biomaterials, which are used under stress-bearing conditions, i.e. in the oral cavity. In such circumstances, impairment of the protective film and production of wear debris would recur, together with a galvanic effect. It is apparent that conventional static extraction would not be adequate for clinical situations of dental treatment with metallic materials used in stress-bearing positions which are sometimes in contact with the same or dissimilar alloys in the oral cavity. The present findings under static conditions showed that no combinations had a significant effect on cell viability ( Figs. 1 and 2) .
In summary, the present findings indicated that dynamic contact between two metals had an influence on cellular response, not only via a galvanic effect, but also by accelerated dissolution and production of wear debris. Friction between specimens and/or the inner side of a glass vessel must be considered in this extraction method. Differences in specimen weights were also a factor in the results, as discussed earlier.
These factors may affect metal dissolution and production of wear debris, as well as cell viability. Further development of the dynamic extraction method will be necessary to allow quantitative comparisons.
Nevertheless, understanding this process this may lead to better selection of appropriate dental materials in clinical situations.
